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 Abstract 
 To advance the diagnostic accuracy of juvenile polyposis syndrome, an important yet often 
difficult diagnosis, we describe in detail a new and medically significant presentation. This 
hereditary and high-risk GI cancer syndrome is often associated with hereditary hemorrhag-
ic telangiectasia, as in this 47-year-old female patient with a  SMAD4  germline pathogenic 
mutation. Total gastrectomy revealed giant gastric folds with inflamed foveolar hyperplasia 
consuming most of the gastric cardia and body but sparing the antrum. Together, this gross 
and histologic pathology mimics Ménétrier’s disease, an exceedingly rare and acquired pro-
tein-losing hypertrophic gastropathy. Classical gastric juvenile polyposis almost always and 
principally involves the antrum with multiple distinctive inflammatory  polyps  rather than the 
newly illustrated  giant gastric folds  of this case. No reports of giant gastric folds in juvenile 
polyposis have appeared in the literature. The distinction between juvenile polyposis and Mé-
nétrier’s disease is essential due to their disparate clinical outcomes and management. The 
differential considerations for giant gastric folds and inflamed gastric foveolar hyperplasia are 
fully reviewed. On the basis of this report, the differential for giant gastric folds must now ex-
pand to include juvenile polyposis syndrome. Genetic testing for pathogenic germline muta-
tions of the 2 known causative genes of this syndrome, namely  SMAD4  and  BMPR1A , are read-
ily available and should become part of the evaluation of giant gastric folds, particularly in 
view of the neoplastic and hereditary aspects of juvenile polyposis syndrome. 
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 Introduction 

 Juvenile polyposis syndrome is an uncommon autosomal dominant condition classically 
characterized by numerous juvenile polyps, also known as inflammatory polyps. It manifests 
throughout the gastrointestinal tract but predominantly involves the colon and stomach. The 
estimated incidence of the syndrome ranges between 1 in 16,000 and 1 in 100,000; however, 
the diagnosis is often difficult due to variable clinical presentations and overlap with other 
entities  [1] . The 2 known causative genes for the syndrome are  SMAD4  and  BMPR1A , but only 
50–60% of patients harbor an identifiable mutation  [2] . The rarest reported manifestation of 
juvenile polyposis is massive gastric polyposis, which usually involves the antrum  [3–5] . We 
present a patient with gastric juvenile polyposis syndrome with a pathogenic germline  SMAD4  
mutation who instead presented with  giant gastric folds  of the proximal stomach, rather than 
the characteristic gastric  polyposis  of the antrum. Pathologists should be aware of this gross 
and histologic variant of gastric juvenile “polyposis,” which in this case was not a polyposis 
at all, but rather strongly mimicked the giant folds and antral sparing of Ménétrier’s disease. 

 Giant gastric folds occur in numerous benign and malignant conditions of the stomach, 
including as a normal variant, due to proton pump inhibitor use, within hypertrophic lympho-
cytic gastritis, hypertrophic hypersecretory gastropathy, Zollinger-Ellison syndrome, tuber-
culosis, lymphoma, gastric adenocarcinoma, metastatic cancer, and even rare examples of 
gastrointestinal stromal tumors  [6, 7] . With this case report, hereditary juvenile polyposis 
syndrome must now be added to this important differential. The highly varied clinical conse-
quences, neoplastic complications, and disparate management of these disorders make this 
an important though complex differential diagnosis in gastrointestinal disease. 

 Case Report/Case Presentation 

 This patient is a 47-year-old woman with a history of multiple monthly nosebleeds since 
childhood, intermittent mild anemia, and migraines throughout her life. Her first colonoscopy 
was performed at age 25 years for chronic constipation and abdominal pain. The medical 
records for her colonic findings are unavailable, but no specific concern for juvenile polyposis 
syndrome was raised at the time. No polyps were identified on subsequent upper endoscopy 
at the age of 28. 

 Germline genetic testing performed for an unrelated reason at age 45 revealed a patho-
genic c.1245_1248delCAGA variant in the  SMAD4  gene, leading to the diagnosis of juvenile 
polyposis syndrome with hereditary hemorrhagic telangiectasia. The patient’s family history 
is pertinent for her father and 2 children, who also had histories of severe nosebleeds. Her 
son and daughter similarly suffered from migraines and her father had gastrointestinal polyps 
with severe gastrointestinal blood loss requiring transfusions. 

 Following diagnosis of juvenile polyposis syndrome in the patient and her family, the 
patient underwent additional colonoscopies at ages 45 and 46, revealing only 2 rectal hyper-
plastic polyps and one inflammatory cecal polyp. Multiple additional upper endoscopies; 
however, revealed strikingly enlarged gastric folds in the proximal stomach, involving 270° 
around the circumference of the cardia and extending from the gastroesophageal junction into 
the greater curvature over a very large sessile area measuring over 5 cm in size. Extensive and 
repeated biopsies of the abnormal gastric mucosa revealed markedly inflamed gastric foveolar 
hyperplasia without  Helicobacter pylori , intestinal metaplasia, dysplasia, or malignancy. 

 The large sessile area of massively enlarged gastric folds was not amenable to endoscopic 
resection. This and the high gastric cancer risk posed by juvenile polyposis, particularly in the 
setting of a SMAD4 germline mutation, lead to total gastrectomy. The resected specimen 
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revealed a pink-red, massively thickened proximal gastric area of giant gastric mucosal folds, 
measuring overall 12.5 × 9.0 × 2.1 cm. This altered mucosa extended from the gastroesoph-
ageal junction into the fundus and body of the stomach, encompassing an estimated 85% of 
the gastric luminal circumference ( Fig. 1 ). Following extensive sampling of the gastrectomy, 
the lesional mucosa histologically showed massive foveolar hyperplasia with an edematous 
and inflamed lamia propria, and patchy cystically dilated glands, without intestinal metaplasia, 
dysplasia, or malignancy ( Fig. 2 ,  3 c). The giant gastric folds were composed histologically of 
elongated extensions of massively thickened mucosa with thin central cores of muscularis 
mucosae and scant submucosa. The mucosal thickening was largely due to massive hyper-
plasia of the surface or foveolar compartment of the mucosa, which made up an estimated 
70% of the mucosal thickness throughout the region of giant folds. This was a marked increase 
over normal oxyntic mucosa where the foveolar surface makes up only 10–15% or less of the 
mucosal thickness ( Fig. 3 b). The oxyntic glands were normal ( Fig. 3 b). The distal specimen 
showed normal duodenal and gastric antral tissue, so that unlike most cases of gastric juvenile 
polyposis, the antrum in this patient’s total gastrectomy was pathologically spared, both 
grossly and histologically ( Fig. 1 ,  3 a).  SMAD4  immunohistochemistry was not performed as 
the patient’s mutation was already known from sequencing. The most striking feature of this 
juvenile polyposis gastrectomy was the  complete absence of classic polyposis , instead showing 
giant gastric folds of the cardia and body that spared the antrum. This work was approved by 
the University of Utah’s institutional review board and informed patient consent and ethics 
approval was provided. 

 Discussion/Conclusion 

 This is the first known reported case of genetically, clinically, and pathologically docu-
mented juvenile polyposis syndrome with accompanying hereditary hemorrhagic telangiec-
tasia, leading to proximal giant gastric folds rather than distal gastric polyposis. Interestingly, 
the patient lacked a significant colonic polyposis as well. Histologically, classical syndromic 
gastric juvenile polyps expand the gastric mucosal surface foveolar compartment with edema 
and inflammation. They commonly also show cystically dilated glands. In their essence, 
syndromic gastric juvenile polyps are histologically simply inflammatory-type polyps and as 
such are morphologically identical to the commonplace gastric hyperplastic polyp. Gastric 

 Fig. 1.  Total gastrectomy demonstrating ser-
piginous giant gastric folds ( *  *  * ) occupying the 
majority of the gastric body, while grossly 
sparing the antrum (#). The gastric fundus has 
a sessile mucosal thickening that is nearly cir-
cumferential (+ and +) and extends to the GEJ, 
where a thin rim of pale gray squamous mu-
cosa remains visible. The distal-most bowel re-
section shows an unremarkable antrum and 
cuff of duodenum (magnification, ×1). GEJ, gas-
troesophageal junction.
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hyperplastic polyps are then the most common entity in the differential diagnosis  [3, 5] . 
Gastric hyperplastic polyps are frequent incidental findings and are benign in the over-
whelming majority, although rare malignant transformation can occur  [8] . A prior large series 
of incidental gastric hyperplastic polyps reveals an incidence of 1.79% of patients in the USA 
 [9] . They are mostly solitary and antral and frequently arise in  Helicobacter pylori  or auto-
immune gastritis  [8, 9] . 

 The specifically defined clinical diagnosis of juvenile polyposis syndrome requires 5 
or more colonic juvenile/inflammatory polyps, juvenile/inflammatory polyps occurring 
throughout the gastrointestinal tract, or juvenile/inflammatory polyps arising in a family 

a

b

c

 Fig. 2.  Classical juvenile polyp-type histologic 
changes with exuberant foveolar hyperplasia, 
an edematous and inflamed lamina propria, 
and patchy cystically dilated glands ( a ) (origi-
nal magnification, ×100). While polyps were 
grossly absent, and this is the novel hallmark 
of this report, the typical inflammatory fea-
tures of juvenile polyposis are present histo-
logically. Glandular dilation is exaggerated in 
an additional mucosal area ( b ) (original mag-
nification, ×200). Gastric foveolar epithelium 
reveals absence of dysplasia with normally 
sized, monolayered and basally oriented nu-
clei that lack pleomorphism ( c ) (original mag-
nification, ×400).
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history of juvenile polyposis syndrome. The colonic focus of the initial criterion above is 
based on the predominantly colonic phenotype of this syndrome, which was not present 
in this case and is more common in patients with  SMAD4  mutations. Anemia and gastro-
intestinal bleeding from the inflammatory polyps are common in syndromic patients. 
Many juvenile polyposis patients have undergone colectomy by the age of 20 in relation 
to severe gastrointestinal bleeding  [5] . Patients with juvenile polyposis syndrome have 
an estimated 39% risk of colorectal cancer and a 21% risk of gastric cancer, warranting 
frequent endoscopic surveillance, polypectomy, and consideration of preventative 
gastrectomy and/or colectomy  [3, 5] . Pathogenic germline mutations in  SMAD4  or  BMPR1A  
help confirm the diagnosis  [3, 5] , but unfortunately, only 50–60% of juvenile polyposis 
patients have identifiable mutations  [2] . It is possible, as with all inherited disorders, that 
this patient’s germline SMAD4 pathogenic mutation was not completely penetrant, or 
that other genetic or environmental aspects may have influenced the phenotype presented. 
These could have included infectious, toxic, or other unknown elements individual to this 
patient. 

 Juvenile polyposis syndrome due to pathogenic germline  SMAD4  mutation is more 
often associated with gastric polyposis and hereditary hemorrhagic telangiectasia  [10] , as 
in this case. Most patients with  SMAD4  mutations have at least one clinical feature of hered-

a

b

c

 Fig. 3.  The distal duodenal aspect of the total 
gastrectomy reveals normal duodenum with 
Brunner glands at the base of the duodenal 
mucosa (arrow) and normal antrum (arrow 
heads), with the typical antral 50/50 ratio of 
surface foveolar epithelium to deeper muci-
nous glands ( a ) (original magnification, ×100). 
The normal antrum seen both on the gross im-
age ( Fig. 1 ) and here histologically is typical of 
Menetrier’s disease and uncommon but pres-
ent in this case of juvenile polyposis. The distal 
gastric body ( b ) (original magnification, ×100) 
was also unremarkable histologically, showing 
the typical minor foveolar surface compartment 
(10–15% or less) in contrast to the deeper oxyn-
tic glandular compartment comprising the ma-
jority of the mucosal thickness. The proximal 
margin of the gastrectomy ( c ) (original magnifi-
cation, ×100), demonstrates massive foveolar 
hyperplasia (upper half) extending to the squa-
mocolumnar gastroesophageal junction.
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itary hemorrhagic telangiectasia, which may manifest as early as childhood, including 
epistaxis, telangiectasias, and arteriovenous malformations. These may result in the compli-
cations of anemia, migraine headaches, and exercise intolerance  [1] . The risk of gastric 
cancer is also higher in patients with  SMAD4  mutations than in those with  BMPR1A  muta-
tions  [3, 4] . Patients with  SMAD4  mutations have an estimated 30% risk of gastric cancer 
in comparison to the overall 11–21% risk of gastric cancer in all patients with juvenile 
polyposis syndrome  [4, 11] . 

 The American College of Gastroenterology recommends cancer screening for juvenile 
polyposis patients, to include colonoscopy and upper endoscopy every 1–3 years depending 
on polyp burden and beginning at the age of twelve or as early as symptoms occur  [9] . Sayed 
et al.  [12]  suggest that those with  SMAD4  mutations should be screened with upper endoscopy 
every 1–3 years, whereas those with  BMPR1A  mutations can be screened at longer 5-year 
intervals, based on the difference in gastric cancer risk from these 2 causative genes. Finally, 
patients with juvenile polyposis syndrome with hereditary hemorrhagic telangiectasia 
undergo surveillance not only for their gastrointestinal manifestations but also for the serious 
complications of hereditary hemorrhagic telangiectasia  [1] . 

 An essential aspect of the presented case is its mimicry of Ménétrier’s disease. This 
disorder is thought to be acquired and results in a protein-losing hypertrophic gastropathy. 
It is far more rare than juvenile polyposis syndrome. Its precise incidence remains 
unknown due to its extreme infrequency. It is characterized by giant gastric folds usually 
sparing the antrum with massive and usually inflamed expansion of the gastric mucosal 
foveolar compartment, identical to the presentation of this case of  SMAD4  juvenile 
polyposis. Ménétrier’s patients present with similar symptoms as juvenile polyposis 
patients, including nausea, vomiting, diarrhea, abdominal pain, and weight loss, and 
edema due to hypoalbuminemia, as well as signs of malabsorption and protein loss  [3, 5–7] . 
Gastric acid secretion is decreased and mucus production is increased due to massive 
foveolar hyperplasia and loss of oxyntic glands. Ménétrier’s disease patients are more 
likely to have vomiting while those with juvenile polyposis are more likely to have anemia 
 [7] . The patient presented here had a history of abdominal pain and intermittent mild 
anemia, but no other documented signs or symptoms of gastrointestinal polyposis or 
protein loss. Her serum albumin levels were normal. Finally, Ménétrier’s is reportedly 
associated with an increased risk of gastric cancer, also parallel to gastric juvenile 
polyposis, but the exact risk is unknown due to its rarity  [6, 7] . This report suggests 
juvenile polyposis, with its well-established and high gastric cancer risk, as an important 
alternative consideration for patients diagnosed with Ménétrier’s disease who do develop 
gastric cancer. 

 Histologically, the hyperplastic foveolar changes, edema, and inflammatory change 
of Ménétrier’s disease are morphologically identical to those of juvenile polyposis and 
sporadic gastric hyperplastic polyps  [6, 7] . The oxyntic glands may become atrophic or 
cystically dilated in Ménétrier’s disease. As with juvenile polyps, the lamina propria may 
be expanded by inflammation and edema to varying degrees and strands smooth muscle 
from the muscularis mucosae may involve the lamina propria, likely in relation to mucosal 
prolapse  [6] . 

 The exact pathogenesis of Ménétrier’s disease is not well understood. A possible familial 
component has been reported  [13] , but this case report again suggests hereditary juvenile 
polyposis as an alternative consideration for suspected familial cases of Ménétrier’s. Méné-
trier’s disease has occurred in patients with autoimmune disease, including inflammatory 
bowel disease, primary sclerosing cholangitis, and ankylosing spondylitis. Faster onset 
variants have been reported with infectious disorders such as cytomegalovirus gastritis, 
particularly in children, or those with  Helicobacter pylori  gastritis  [6] . Ménétrier’s disease is 
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a classical clinicopathologic diagnosis requiring upper endoscopy, low gastric pH, low serum 
albumin, normal serum gastrin, and full-thickness mucosal biopsies of involved mucosa  [7] . 
On the basis of this case report of juvenile polyposis mimicking Ménétrier’s disease, genetic 
testing may also be helpful in the evaluation whenever the exceedingly rare diagnosis of 
Ménétrier’s disease is entertained. 

 While cases of juvenile polyposis syndrome presenting with massive gastric  polyps  
have been reported, the presentation of  giant gastric folds  in the absence of polyps has not 
appeared in the previous literature of juvenile polyposis. The antrum is the most commonly 
involved gross gastric location in juvenile polyposis, but antral sparing has been reported 
in rare instances, including in 2 of 22 patients in the case series by Gonzalez et al.  [4] . 
Composite review of 75 reported cases with gastric involvement from the literature, reveals 
only these 2 cases with antral sparing  [3, 4, 14–24] . On the issue of antral involvement in 
Ménétrier’s disease, Rich et al.  [7]  have reported several cases of Ménétrier’s disease with 
an atypical antral involvement. Thus, sparing or involvement of the antrum is not an 
absolute feature of either disease  [7] , but antral sparing is highly characteristic of Méné-
trier’s and quite rare, but now reported, in this case of gastric juvenile polyposis. Knowledge 
of these variant gross disease distributions can nonetheless be very helpful in the differ-
ential diagnosis. 

 Here, we challenge the standard medical knowledge that antral sparing and gastric 
polyps versus giant gastric folds differentiate between gastric juvenile polyposis and Méné-
trier’s disease. This confirmed juvenile polyposis patient’s illustrative pathology of giant 
gastric folds sparing the antrum to mimic Ménétrier’s disease adds to our understanding that 
these variant manifestations do also occur in juvenile polyposis. Given the serious hereditary, 
malignant, and hemorrhagic complications of juvenile polyposis syndrome, this case provides 
support for  SMAD4  and  BMPR1A  germline genetic testing  [2] , clinical evaluation, and a 
thorough family history before establishing the idiopathic diagnosis of Ménétrier’s disease. 
In cases of giant gastric fold disease and inflamed foveolar hyperplasia of the stomach, 
awareness of the clinicopathologic overlap between gastric juvenile polyposis, Ménétrier’s 
disease, and the wide range of additional causes, by pathologists, gastroenterologists, and 
oncologists alike, should aide in the correct diagnosis for these patients. 
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